Recent functional imaging and electrophysiological results indicate that failure to remember experiences can result from a decreased recruitment of encoding processes that build effective memories and an increased recruitment of alternative mechanisms that may impair effective learning.
Memory provides a bridge between past and present. Through memory, past sensations, feelings and ideas that have dropped from conscious awareness can be subsequently recovered to guide current thought and action. In this manner, memory allows us to locate our car in the parking lot at the end of the day, or guides us to avoid retelling the same joke to the same friend. Continuity through memory critically requires that past experiences 'continue to exist' by being effectively 'stored up' or encoded in memory [1] . Many of memory's frailties, including instances of forgetting, emerge from failures at this initial learning stage [2] . For this reason, cognitive neuroscientists have sought to determine the neurocognitive processes that give rise to effective encoding, as well as those that may lead memory astray.
Specifically, what are the storage computations that transform an experience into a durable memory that can support subsequent remembrance? Are there processes which, when recruited during an experience, increase the probability of later forgetting the experience? Answers to these and related questions are beginning to emerge through the application of event-related functional magnetic resonance imaging (fMRI) and single-unit electrophysiological recordings in humans, both of which provide on-line measures of neural activation engaged during event processing. Critically, these approaches allow researchers to peer into the human brain as it is in the throes of building memories, thus bearing witness to the encoding computations that influence later remembering or forgetting.
One powerful approach to exploring how memories are encoded is to measure the neural response during an experience and ask whether the magnitude of the response is correlated with later memory, either remembering or forgetting ( Figure 1 ) [3, 4] . Over the past few years, fMRI and electrophysiological studies have revealed positive correlations between prefrontal, posterior neocortical and medial temporal lobe (MTL) responses and later remembering [5, 6] . For example, greater activation in the left ventrolateral prefrontal and posterior parahippocampal cortices during semantic processing of words was associated with an increased probability of remembering on a later memory test [7, 8] . By contrast, greater activation in right prefrontal and bilateral MTL regions during the processing of complex visual stimuli was associated with superior subsequent memory for these visuospatial experiences [9, 10] .
Such positive correlations have informed our models of encoding, pointing to interactions between prefrontal control processes, posterior neocortical representations and MTL binding mechanisms [11] [12] [13] . Although attention has been focused on these activation patterns because they suggest that increased recruitment of specific processes results in more effective learning, such computations may be but part of the encoding story. Indeed, new fMRI data published recently in Current Biology by Otten and Rugg [14] , in conjunction with a recent single-unit electrophysiological study [15] and reanalyses of prior fMRI results [7, 16] , suggest that to understand encoding, attention also must be afforded to processes that are negatively correlated with remembering -that is, processes that predict subsequent forgetting.
In their study, Otten and Rugg [14] demonstrated that, to the extent that activation magnitude at encoding is related to later memory performance, greater activation need not always predict superior memory; rather, some instances of greater activation are associated with increased subsequent forgetting. This important observation emerged from a further analysis of data from two prior fMRI experiments [17, 18] , with the analysis targeting neural regions that were more active during the semantic processing of words later forgotten compared to those later remembered. In both experiments, increased forgetting followed greater responses in posterior cingulate, medial parietal, bilateral inferior parietal and bilateral dorsolateral prefrontal cortices.
These subsequent forgetting effects suggest that increased recruitment of some neural computations may actually impair effective memory encoding, perhaps having as significant an impact on later remembrance as do processes that foster effective learning.
Before Otten and Rugg's observations [14] , nearly all eventrelated fMRI reports of subsequent memory effects either failed to observe positive correlates of forgetting [9] or did not explicitly note whether such correlates were observed [10, [16] [17] [18] [19] [20] [21] , with one exception [7] . In this last study, where words were processed in a semantic manner as in Otten and Rugg's experiments, subsequent forgetting effects were observed in the precuneus and in a left prefrontal region that fell medial to Otten and Rugg's dorsolateral response (Table 1) . When we reconsidered these data at a more lenient statistical threshold (P<.01 rather than P<.001), the exploratory reanalysis revealed predictors of forgetting in additional structures, including right inferior and medial parietal regions that approximated those observed by Otten and Rugg ( Figure 1 and Table 1 ); the medial prefrontal response now extended more laterally towards middle frontal cortex (Figure 1 ).
Motivated by Otten and Rugg's observations, we also conducted an exploratory reanalysis of data from a recent study of subsequent memory following rote phonological rehearsal of word triplets [16] . Although the orienting task and number of events per trial differed in this study relative to the single-word semantic processing studies noted above, nevertheless activation foci that approximated those from Otten and Rugg [14] and Wagner et al. [7] were observed. Specifically, positive correlates of forgetting were found in posterior cingulate, bilateral inferior parietal and medial parietal/precuneus cortices; the parietal responses were somewhat ventral to those in the semantic processing studies (Figure 2 ). Such subsequent forgetting effects likely were overlooked in earlier fMRI studies because of an assumption that processes that influence encoding will be revealed by positive correlations between later memory ability and neural activation during learning [14] . Otten and Rugg's findings, in conjunction with the presently Table 1 Foci positively correlated with forgetting in [7] . Regions in bold significant at P<.001 (uncorrected); regions in italics significant at P<.01 (uncorrected). ~BA, approximate Brodmann's areas; L, left; R, right; *similar foci were observed by Otten and Rugg [11] .
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Figure 1
Schematic of the subsequent-memory paradigm and illustrative fMRI results. Top: the paradigm entails recording neural activation during event processing and analyzing these neural data based on behavioral measures of subsequent remembering or forgetting of the events. Bottom: neural regions that showed greater activation during semantic processing of words subsequently forgotten compared to subsequently remembered (blue), and vice versa (red). Activation was positively correlated with forgetting, at a statistical threshold of P < 0.01 (uncorrected), in: (a) left medial prefrontal/middle prefrontal, (b) precuneus/posterior cingulate, (c) right inferior parietal and (d) precuneus/medial parietal cortices (see Table 1 for a complete list of foci; data are from [7] ).
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Given that subsequent forgetting effects are reliable, the next challenge is to specify the nature of the processes that, when recruited, negatively affect learning. Full consideration of this issue awaits further investigation, as the above studies were not designed to test specific hypotheses about the mechanisms yielding forgetting. Nevertheless, a number of candidate hypotheses appear to warrant brief mention. First, subsequent forgetting may arise because of the diversion of neurocognitive resources away from processes that yield effective encoding. For example, Otten and Rugg [14] proposed that activations positively correlated with forgetting may reflect two possible forms of resource diversion: the devotion of greater resources to the process of selecting task-relevant semantic knowledge during word processing; or the devotion of greater resources to executing a process switch, either between task sets or between stages of processing within a given task. Both accounts suggest that, if greater resources are allocated to a particular goal-appropriate stage of event processing, this could limit resources for other stages that may foster encoding.
The diversion of cognitive resources could also emerge through execution of goal-inappropriate processes, including: attending to task-irrelevant stimulus features that, when encoded, are not as effective for later item recognition as are semantic codes [22, 23] ; or diverting attention away from the stimulus and towards other irrelevant thoughts [24] . In the former case, encoding of stimulus-specific traces that do not facilitate item recognition may occur; evidence of such encoding might emerge were the subsequent memory test specifically designed to probe memory for the attended irrelevant features [25] .
A second possibility is that subsequent forgetting arises because of encoding processes that yield undifferentiated traces. For example, the hippocampal component of the MTL memory system is posited to mediate encoding through pattern separation processes that give rise to sparse hippocampal representations [26] . Failure to generate differentiated traces may yield interference and forgetting as a result of representational overlap between events.
Although fMRI studies have typically observed positive correlations between MTL activation and later remembering [6] , a recent single-unit electrophysiological study of hippocampal subsequent memory effects yielded intriguing results [15] . In particular, of 13 hippocampal neurons that predicted subsequent memory in that study, 10 had a higher firing rate during the encoding of events later forgotten. One might speculate that these higher firing rates reflect ineffective or poor pattern separation during learning, thus resulting in interference and subsequent forgetting.
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Figure 2
Regions demonstrating greater activation during phonological processing of items later forgotten compared to those later remembered, and the corresponding eventrelated hemodynamic responses (in percent signal change). Greater activation was observed in multiple regions, including: (a) left inferior parietal/superior temporal (-54, -39, 24), (b) posterior cingulate/precuneus (12, -18, 48) , (c) right inferior parietal/superior temporal (57, -30, 21), and (d) medial parietal/precuneus (-6, -66, 27) cortices. The first two regions demonstrated a subsequent forgetting effect superimposed on above baseline activation, whereas this effect in the latter two regions was superimposed on below baseline activation; at present it is unclear whether above and below baseline hemodynamic responses warrant distinct interpretations. Statistical threshold of P<0.01 (uncorrected); data are from [16] . With regard to subsequent forgetting effects observed in the neocortex by fMRI, it is unclear whether sparse neocortical traces, which may be reflected in reduced fMRI signal [27, 28] , are effective encoding outcomes.
As Ebbinghaus noted well over a century ago [1] , when our current experiences become the past, it is not that they are 'utterly destroyed and annulled'. Rather, through memory's ability to store long-term traces of our experiences, records of the past are built thus permitting the past to reemerge, through retrieval, at some future time. The presently considered fMRI and electrophysiological data reflect advances in understanding how effective memories are built, as well as highlight the uncertainties that remain for subsequent investigation, including further delineation of the processes that increase forgetting of things past.
